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I NTRODUCTION 

Instructional research on the use of visual media to teach 
procedural skills has had a long history . The Lumsdaine ( 5 ) volume 
5 student response has collated some of the most pertinent 
research on film mediated procedural learning. Of particular 
Significance is the work by Sheffield, Maccoby, and their col- 
liborators (9,10,11,12 & 13). They investigated methods for inte^atin^ 
filmed demonstrations and actual practice to teach such procedur 
tasks as the assembly of an automobile ignition disti*ibutor . 
froblems that have concerned these investigators include: ^ ^ 

ah appropriate demonstration unit size that permits the student 
or trainee following the demonstration to engage in relatively 
e^ror free practice of the task demonstrated; finding the demon- 
stration unit size that permits la, ter integration of all the 
separate units which have been presented serially. 

Problems studied by other investigators include; the effect 
of allowing the learner, prior to viewing a demonstration, to 
familiarize himself with the parts to be assembled, Wulff & 

Ifraeling (l3); the importance of the viewer angle while watching 
^Lmo^tiaiion, Roshal (8); the value of response guidanc^> 
iCtinble 8t Wulff (^)i "the value of repeating examples, Lumsdaine, 

Szer I K^sLin (6), and the role of practice yereus motivatxon 
in active response approaches, Michael 8s Maccoby ^ T ;• 

lifeny features of the procedures used in these studies are 
Similar to those currently used in programmed instruction. Atten- 
■tiion was not simply confined to the design of the presentation, 
lather, it quite appropriately was given to the responses ° ® 

practiced following a demonstration. While attention was paid to 
the selection, sequencing, and organization of stimuli and to 
Conditions of response practice, responses to visual presentations 
were not, as a general rule, brou^t under stimulus control as 
eoB^teiy, systematically, or ccmtinuously as is currently attempted 
Is programmed instruction. 

The work done by Gropper (l,2 8o 3) in programming of televised 
science demonstrations shows that responses can more continuously 
and frequently be brought under control of demonstration^ events . 

In these studies students acquired science concepts and principles 
through active practice occurring throu^out entire science 
demonstrations. Here, following the presentation of a brief 
demonstration illustrating a particular concept or principle, 

” — change \daen objects are first 








veighed in air and then in water, students were required to res^d, 
i.e!, to predict what would happen in a subsequent ex^le differing 
slll^tly from the original. Responses consisted of c o ‘ , 

pictOTial options illustrating possible outcomes. 

With programmed visual events, students came to 
or to indicate antecedents for given outcomes. 
of systematically controlled practice, priMiples such as J 
WBl^ less in water than in air" or "a perfectly elastic 
retSns to its original shape when a stress is removed 
Hten in the presence of a visu^ly presented problem studen^ are 
Sle to respond appropriately (predict an outcome or ilenti^ 
antecedents), we may say that student responses are under “0“ 
of the stimulus events. Ih more conventional language, we my 
say that the student understands the principles governing the 
visually presented problems 

in the Gropper studies on learning of concepts and principles, 
response practice was required frequently. It was required f flowing 
demnstrational sequences of varying durati^, ***°"f' . 

St over five or six minutes. Since correct responding the end 
of these varying Intervals was contingent on J®*® 

add observing behavior throughout this interval, it is safe to 
Msume that, if correct responses were mde at the conclus^ o 
tie interval, such observing or attending behaviors were 
mde during the interval. Thus, the attend W°bservi^ ^SmulS 
my be said to have been under the control of the vlsu^ stimul 
presentation. The behaviors to be acquired (the 
m which concept acquisition is dependent) my be a^o said to 
Sv^ com under the control of specific detailed ^®®®f ®^ 

in the demonstration if, at its conclusion, correct predictions 

Sire seen to occur# 

I 

The fact that the size or duration of the stimulus i^t 
Resented before responding is required) my be considerab^ lo^er 

“ f -a“rr 

Tr^p” ^onuS^ntTri- observing/attending beMviors, 
if a Lrreot response is mde we can be satisfied that student 
behavior during the presentation was appropriately under its 

COTitrol. 

The size of the demons t rational unit is of concern on^ to 
the extent that it permits or cannot permit correct 
ht its conclusion. . This problem is recognized more re^i^ in 
demonstrations that are intended to serve as a mo^ 
performnce of correct procedures. The '^®°‘°°®tratlon umt mu 
S short enou^ to permit accurate Pfrfor^e of the s^ task 
or procedure by the learner after he has viewed it. It 
(ssmit be too short or else it may subseciueatly interfere with the 
final integration of separate units . 

' I 
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The present project is thus concerned with the development of 
programming techniques for designing demonstrations that will permit 
effective and efficient learning of procedural tasks. It seeks 
to identify techniques that will ensure stimulus control, not o^ 
^ the attending/ohserving behaviors, but also of the procedural 
behaviors to be acquired. It is also concerned with finding ways 
df determining the optimum size of the demonstration unit, that is, 
that will permit correct responding. 



Instructional Strategies Involving Demonstrations for Two Different 
iB of Learning. 



Strategies for teaching any kind of performance, whether pro- 
cedural or conceptual, must be analytically directed to the learning 
tasks involved in it. It might be useful to illustrate this point 
by contrasting the tasks the learner faces in learning concepts 
and principles and those he faces in learning procedures. Their 
<i(iffering requirements in turn call for differing instructional 
Strategies. And, as a result, demonstrations designed to implement 
the strategies may also be seen to differ strikingly from one 
afnother . 

In learning concepts and principles, the student must learn 
io distinguish or discriminate between classes of objects, events, 

^ ideas. He must also learn to generalize across equivalent 
objects, events, or ideas within a class. For example, in using 
levers, he learns that less applied force is required if the 
ftilcrum is closer to the load.. Understanding of this principle 
is based: (l) on the discrimination of the different effects of 
two clEisses of events i.e., close and distant fulcrum positions 
and (2) on the generalization that there are a variety of close 
and distant positions and also that these effects hold for a 
variety of levers. 



If visual demonstrations are to be used to teach the relation- 
ship between fulcrum position and amount of applied force required, 
an instructional strategy must be formulated to permit the acquisi- 
tion of the underlying discriminations and generalizations. The 
demonstrations thus must, on the one hand, contrast the differing 
effects of close and distant fulcrum positions. It must do this 
with varied loads, varied levers and/or varied applied forces. 

^us, for generalization to occur, varied but similar examples 
within a class must be observed. For discrimination to occur, 
contrasting examples must be observed. In the Gropper studies (1,2, 

& 3) practice selecting pictorial options following demonstrations, 
^ions having to do with fulcrum positions or varying load sizes, et®. 
Snjplemented a strategy that facilitated the acquisition of dis- 
cs^iminations concerning contrasting events. It also allowed and 
fsteilitated generalization. This kind of practice resulted in 
suiiequate criterion performance of a si mi la r task involving selec- 
tion oi appropriate pictorial options. In addition^ it r^p^ted 









lii an adequate verbal criterion performance, i.e., the ability to 
State verbally that, for example, it takes less applied force to 
lift an object when the fulcrum is closer to it. 



Let us compare the requirements for visual demonstrations 
tl>at were intended to teach concepts with requirements for demon- 
strations designed to teach procedural skills. Consider the assembly 
a three-pole electrical motor. Unlike concept learning which 
Is concerned with classes of events and the attributes that qualify 
cIass inclusion or class exclusion (e.g., fulcrum close to 
load vs. fulcrum far from load, or perfectly elastic objects vs. 
n©n-perfoctly elastic objects), learning to put a particular 
ajotor together is generally concerned with singular objects and 
etents. The parts of the motor, their location, and order of 
a4sembly are in the nain not intersubstitutable . Thus, generalization 
within a class is not a concern here. Discriminations however must 
acquired. As in all learning, discriminations are a concern 
but they do not involve problems of class inclusion or exclusion. 

She discriminations concern: the identification and selection of 
particular parts; the particiOar location in which the parts are 
to be assembled; and the appeeorance the particular assembly has 
lien it is completed. Discriminations are between specific right 
aid wrong parts (not substitutable classes of parts), between 
specific right and wrong locations, and between specific correct 
ahd incorrect orders of assembly. The closest procedural learning 
comes to resembling concept learning is in the discrimination 
between correct and incorrect assemblies and in accepting a range 
qf variations should they exist. 



Leai-ning procedural skills, in addition to being based on 
acquisilioii of disc i-iminat ions, also involves the acquisition of 
sequences of chained responses (putting all the parts together 
in correct order and manner). To teach these skills, visual 
i&nonstrations must provide the student with an opportunity to 
ftcquire the discriminations involved in the identification and 
ig^lection of parts and to acquire and retain the appropriate long 
chains. The two studies reported here are thus concerned with a 
Strategy and the practical technifues fm' ‘ ' - -- 




BXPERIMBNT #1 



A STUDI OF VARIABLES AFFECTING 
learning from DEMONSTRATIONS: 

glse of DewMMita?atio®L Halt Mo<l@ of Rwtice 



This study is concerned with two interrelated issues: (a) 
foopinulation of programming techniques for designing demonstrations 
io teach procedural learning; (h) investigation of the effects on 
procedural learning of such variahles as the size of the demon- 
stration unit and the mode of stud^st jjractice foUowlng the 
deeiQKiNtration # 
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gtterials. 

Television tapes . 

Four television tapes were prepared for use in this study. 
iPJL four tapes demonstrated the assembly of the three -pole electric 
fflotor illustrated helow. All four had review sequences huilt into 
All four als# had provisioBS for student p^etiee in 




Illustration 1. Three -Pole Electric Motor 



recognizing correct selection of parts, correct part locations, 
correct assembly sequences. (See Appendix A for a script 
Of the entire lesson. At various places in the script opportunities 
for recognition practice are provided. Workbooks providing for 
diioices among correct and incorrect selection of petrts or mode 
olf assembly are reproduced in Appendix C.) The tapes differed 
only with res|)ect to point at ^dilch, foUoving thei demonstration 
fiiiich included awopsit^ pwtiee)iaiMtii(E^ otui^ pEPaetiee 



§ 



Size of demonstration unit . This study vas comcenied 
i^th variations in how much of a procedural task could be demon- 
strated before practice was G^l.owed* The tapes were therefore 
iisigned to provide an opportunity for practice at different 
]sblnts in the demonstration. Tape 1 provided a practice opportunity 
fallowing the demonstration of the asseniblly of the armature (called 
the "tiirning part" in the lesson to avoid the necessity of teaching 
$^ical names). Tape 2 provided a practice opportunity o^ 
after both the assenibly of the armature and the commutator (called 
the "tube part" in the lesson) were demonstrated. With Tape 3^ 
practice occurred following the demonstration of the asseiribly of 
the armature, the commutator, and the base. With Tape 4, practice 
Sficurred following the demonstration of the assembly of the three 
separate motor units plus the final assembly of the three units 
th make up the intact motor. The total amount of practice allowed 
ms identical for all four tapes. What varied was the time its 
securrence and the size of the practice unit (corresponding to the 
Siae of the demonstration unit). 

The four tapes thus represented a systematic experimental 
manipulation of the demonstration unit size. The portions of the 
procedural task that constituted a demonstration unit corresponded 
■^o self-contained units of the motor itself. The assembly of one 
nnlt could be made independently of that of another. Further, no 
®lngl6 unit of the motor was artificially segmented in order not to 
interfere with student learning of its assembly. Based on initial, 
live tryouts, no unit was too long or complex to interfere with 
the subsequent assembly of the demonstrated task. These were some 
^ the rational considerations underlying the choice of the 
demonstration units. 

Provisions for review and practice . On each video tape, 1^ 
J*eview porti ons followed the demonstration and covered as uiany of 
the demonstration units as appeared on that tape. For exan^e, 
on Tape 1, review followed unit 1, imit 2, unit 3, and unit 4. 

On Tape 2, review followed unit 1 and unit 2 combined and then 
unit 3 and unit 4 combined, etc. In addition to the review, which 
hovered key steps in the assembly task, each tape had additional 
recognition practice built into it. (The script for this portion 
appears in Appendix B; the corresponding workbook in Appendix C . ) 
iChe recognition practice covered only those units Just previous^ 
iiemonstrated. This type of practice is referred to as "editing 
practice • It gave the studeaat the opportunity^ 1:^sed on what he 
Wai^ lesumed during the demonstration, to edit or critique the 
assi^ly demonstrated. 

Mode of practice. On each tape the order of events for 
whAt “its size) was as follows: 

I 

i - -demonstration 

—interspersed recognition practise 
—review 



T 



Because mode of practice (practice assembling a motor vs. recognition 
3«!tlce) was an additional variable to be assessed, in the playback 

at the tape during the experiment, the tape was 

review section. Students receiving this treattrent tten engw4 
actual praoUee, practice in producing an assenfcled motor. 

0 f €TW®lss for this group was as follows; 



^--demonstration 

-—interspersed recognition practice 
-—review 

-actual assembly practice 



Tv.n'rmBtration content . The script in Appendix A reproduces 
the dialogue for the entire lesson. In addition it provides j^oto- 
Spihs coring a majority of the visual events that were portrayed 
en the screen. The demonstration, the associated recognition 
B-actice, and the associated review segment were designed: 
familiarize the viewer with the parts to be selected aM 
ffar a particular unit) (b) to enable the viewer to determine i*ioh 
Wffts go in which location) (c) to enable the 
the parts in an appropriate order or sequence) and (d; to 
ite ^wer to recognize what a properly assenbled unit (or portion 

^ a unit) looks like. 

Model motor parts were used when the actual parts were 
too to be shown clearly. Television techniques, such as 

Supers, were used to stress key points. For example, an arrow 
Super was used to indicate the correct direction in windl^ wire 
Around the poles of the armature. Both review and recognition 
jractice stressed the procedures i*ioh in the tryout phase pro- 
ijjced the greatest fi?egh®3cy of errors . 

Motor kits . 

All the separate parts of the motor were individually taped 
to a large piece of cardboard. This provided an array of parts 
from which students had to select parts appropriate to the u^t 
be was assembling (see Illustration 2). With the parts widely 
Operated, students had little difficulty identifying appropriate 

parts and gaining access to them. Bw locatiOT 
rStonized*^ so as not to provUe any clues as to idileh set of 

belonged together. 



Workbooks . 



Each demonstration included problems posed to students con- 
ehming part selection (e.g., Which parts should be selected for 
putting together the base?), part location (e.g., Does the tube 
here or here?), andthe order of assembly (e.g.. Does this 
Srt go on before this one?). Student workbooks provided multiple 
eHolce situations allowing the student t@ iifi^p^liate s^mm} 



P 




tbe correct from an incorrect part and to differentiate the correct 
frtm an incorrect location or assembly order. 



Appendix C presents all the workbooks used for recognition 
practice required during all units of the .demonstration. Workbooks 
were used for the editing sequences that followed the demons tration^ 
«grid are is^o included in Appendix C. 




lUustration 2. Arrangement of Motor Barts 

to Cardboiirt 



Checklists . 



Checklists, reproduced in Appendix D, were prepared for use 
by proctors who observed students assembling a motor. Proctors 
were required to record errors of omission or commission having 
to do with part selection and with the assembly of the motor. 
llEhey were also required, when student errors were made, to pro- 
vide (and record the fact) extra help or cuing. Increasingly 
fffjr o complete help was given if needed. Levels of help progressed 
3^om simply telling the student he was wrong, to telling the 
Student how to do a particular step, to showing the student how 
do it. 



Correction was given so that students could continue the 
a«8embly task. Without correction, cumulative errors would 
h»ve resulted that’ would not fairly reflect what students were 
actually capable of. The correction procedure, both in practice 
smd, criterion seasi06% thus crea'^ed a "practice plus feedback" 
'^Mtaient. 



















Seslgn of the Experiment . 

There were two experimentally manipulated variables: size 

the demonstration unit and mode of practice • There were four 
levels of unit size and two levels of practice mode* This resulted 
in eiglht experimeatal treatments which are described below; 

SXFBRDBIIIAL TREAIKIRrS 



Groups 

Iknaduetloa araetiee 
aBewB ri . t i. ap araetiee 



After Each of the 
Four units 


After Units 1 A 2 
Combined 

After units 3 A ^ 
Coabincid 


After Units 1, 2, 
A 3 Co.bined 
A After Unit 4 


After All Units 
ComblMd 


1 2 


3 4 


5 6 


7 8 


X 


X 


X 


X 


X 


X 


X 


X 



Following the conduct of the experiment, two additional 
independent variables that were isolated and treated statistically 
were I.Q. (two levels) and sex (two levels). This 
a^xSxixl deslgii as illiiQStzated below. 



size of Demonstration Unit 
I II III 



IV 



Type 

of 






I.d. 


I.Q. 


I.Q. 


I.Q. 


|B»otlce 






High 


Low 


Hi^ 


Low 




Low 


High 


Low 


1 

Active 


Sex 


M 


















F 


















SiBeogpitioin 




M 


















Sex 


I 






















B:*oeedure . 

The eight experimental treatments were administered on one 
iaturday in the television studios of WQED (channel 13 )> the 
educational television station in Pittsburgh. Students in each 
of the treatments sat before a television monitor. Three to 
five students were assigned to each monitor* Illustration 3 
below depicts the physical arrangements adhered to in the stuii.0* 
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Uliistratlon 3 • Students Seated before 
a Television Monitor 

The following instructions were given all students no 
matter which experimental treatment they received. 



appreciate your volunteering to come here today. When 
are finished you will all have a chance to go on a 
tour of the television studios. 





Tqday we are going to show you how to put an electric 
motor together. We are going to show you how to do this 
by having you watch a television demonstration. When the 
demonstration is over, all of you will assemble a motor. 

ittien you finish today, you will be allowed to take your 
motors home with you; so in order for your motor to work, 
you'll want to pay close attention to the demonstration 
knd then work carefully on the motor. 

The first thing we want you to do is to fill in the front 
cover of yo\ar workbooks. Write your name and today's date. 
Beside Condition - fill in the area and the time. 

During the TV demonstration you will be asked to answer 
some questions idsout ^diat you have seen. But your answers 




these workbooks. The instructor will tell you when 

t® turn to a particular page. You will have plenty of 
tljme to. turn to the correct page in your workbook. This 
is not a test. Do not open your workbooks until the 
direction is given to do so.” 



For students who engaged in recognition practice following 
We portion of the demonstration that was seen by all students, 
the tape simply continued to roll and students continued to solve 
Woblems in their workbooks. For students who were to practice 
Stting a motor together, the tape stopped and students moved to 
tables . Bach student worked at a separate table with his work 
Observed by a proctor (see IHusta^tions h h 





Illustrations 4 & 4a. Students Assembling 
Motors at Individual Tables 



A sample set of instructions delivered to these students 

follows; 



„ you are going to put the turning part of the motor 
i^ether. The plastic bag contains the small parts, 
aemove the plastic bag from the cardboard and take 
Oht the pieces you will need to assemble the turning 
pttrt. Also remove any parts you will naed, from the 
e»rdb(xurd*” 
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When these students completed all the practice rounds called 
for by the treatment in \diich they participated, they were then 
ijsstructed to assemble another identic&il motor • Instructions 
iiere as follows: 



demonstrations you say helped you to put the motor 
•It^ether. Now we want to see if you can put a motor j 
^ipgether without any help at all. This will be the 
K^or you will keep. Work carefully so that all the 
pstrts will be assembled correctly . When you finish, 
we w ill go on a tour of WQED." 

In the practice assembly for the production practice group 
_ „ in the criterion assembly for both the recognition and 
production practice groups , students were permitted to work at 
own pace. Proctors timed each student but also allowed 
sufficient time to correct any errors they mi^t have had. 

_ a student failed to realize he had made an error or if he was 
wable to correct an error he could recognize, the proctor then 
provided cues, of increasing completeness (as needed) as to how 
ie might correct his error. Illustrations 5, 6, 7, 0 , iHustrate 
the working relationship between student and proctor . 
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Illustration 6. 




lUrntratiom 0. 
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The sample consisted of &9 T^oya and girls drawn from seventh- 
grade classes from one Pittsburgh scho o l. 
iHK9l(iped at ga n to ii to one of the *■•“'** -.4«i . ^ n 
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RESULTS 



Thtj two iiajor issues about which data have been collected in 
this study are these; (l) How does the size of the demonstration 
i^it (before practice is a3J.owed) affect practice when it occurs? 
(i) Wlmt, are the effects on criterion performance of two kinds of 
p^ior practice; actual practice vs. recognition practice? Data 
OH each of these issues will be presented in turn. 



To answer the questions raised above, data are available from 
two sources . this may be illustrated in Figure 1. 



©aquence of Activities of Experimental Groups 

Engaged in Engaged in Performed 
Watched Recognition Actual Criterion 

Demonstration Prswtice Practice Assembly 

1 , : 2 3 



recognition 
practice 

Fig. !• Activities engaged in by actual-practice and 
recognition-practice groups . 

For one group, the actual -practice group, performance measures 
are available for two assemblies; a practice assembly (Ceai C) 
and a criterion assembly (Cell E). For the recognition-practice 
gj.*oup, perforiiiance measures are available only tor the criterion 
s^sembly (Cell F). Comparisions to be observed below will center, 
OP the one hand, on the criterion performance of both groups 
(bells E & F). This will provide a measure of the relative effec- 
tiveness of the two types of prior practice (Cells B & C). On the 
0iher hand, they will center on the practi(;e performance of the 
ajctual-practice group (Cell C) and the criterion performance of 
tjhe recognition-practice group (Cell F); both these cells represent 
the first attempt of both groups to assemble the motor. Thus, 
jjiesults from both Cells C and F having to do with the assembly of 
the motor following the demonstration provide the most immediate 
and direct evidence bearing on the effect that the size of the 
demonstration unit has on learning a procedui^ task. 
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C. ^ 


E. 
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B. ^ 


D. 
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Groups 

actual 

practice 



Size of Demonstration Unit . 

I 

An analysis of variance was made for errors commiitted^on^the 
first assesiily of the by berth the sntual" 



ijecognit ion-practice groups (Cells C Ss F). For 3/^7 df an F of 
^•79 is needed to be significant at the 5^ level; for the 1/47 df, 
i.05 is needed. The total number of errors possible in assembling 
the entire motor was 8j, This included 39 possible selection 
errors (selecting the correct parts) suad 48 assembly errors. 

I 

As shown in Table 1, there was a unborn imreai^ in errors 
as the sise of the unit increased. 

I 

TABLE 1 

I 

I 

Mesui Error Scores on First Motor Assemb3.y 
for Groups Differing in Size of 
Demonstration Unit Observed 



Size of Demonstration Unit 





1 


2 


3 


4 




1 

3.10 


3.95 


4.6o 


5.05 


S.D. 


2.02 


2.85 


2.95 


4,45 


N 


20 


19 


20 


20 




But as can be noted in row 1 in Table 2 on page 21, summarizing 
tihe main effects in thp analysis of varisuice, the differences in 
errors among the different sized units was not statistically 
Significant. It should also be noted that even the highest 
error mean ( 5 . 05 ) for the longest demonstration unit represents 
an error rate of only 6^. For all Ss the error rate was 5^. 



Reasons for the overall increasing error trend not being statis- 
Sicially significant may be better illuminated by Figure 2, (page 22) 
illustrating the significant interaction that was obtained between 
"size of unit" and I.Q. (P<.05) (see row 2 in Table 2 for first 
^der interactions). Low I.Q. Ss made more errors the longer the 
demonstration unit they had watched. High I.Q. Ss, on the other 
hand, reversed the trend and made slightly fewer”errors as the 
size of the imit increased. 



Referring back to Table 2, it can be noted, that on the 
assembly of the entire motor the only statistically significant 
finding for "errors" was the size of unit X I.Q. interaction. 
Time-to-complete the assembly of the entire motor provided no 
Significant differences. The mean completion time for the whole 
S»uple was 31 minutes and the four different sized demonstration 
units differed only sli^tly from it. 



The data Just reported were based on the assembly of the entire 
motor. Additional data based on the ^s^ly of Just the commutator, 
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the first part or unit of the motor that was demonstrated, provide 
additional illuminating results. The commutator was the largest 
atid most complex unit to be assembled. The total number of errors 
possible in this assembly was kl, including l8 selection and 23 
assembly errors. The analysis of variauice of error data for 
this mit are susraarised in Table 3 on 23. 



TABLE 2 



Sunnary of Analysis of Variance: 
Errors on First Assembly of Entire Motor 



Soigce of Variance 



Sise of 
Itoit 



I. ft. 



Mode of 
PiaMtice 



Sex 



Within 



^iwt 

Order 

IfieetB 



df 3 

Mean Square 8 . ^0 

j 1.14 



1 

18 . 1 ^ 

2.42 



1 

4.59 



1 

10.98 

1.47 



47 

7.48 







Siae X 


Slse X 
Mode 


Siae X 
tec 


Mode X 


Mode X 
Sex 


I.ft. 
X Sbbc 


i 

1 

•teond 


df 


3 


3 


3 


•1 


1 


1 


Order 


Mean Square 


26.65 


i4.49 


18.24 


29.51 


8.46 


.01 


wmeu 


F 


3.5t* 

. -—1 


1.94 


2.44 

: 1 


3.9'^ 


1.13 


— 



£l.ae X 
Mode X 
lift. 



df 



Higher 

^rder Mean Square 
■ffects - 



3 

4.38 



^Significance at the 59^ level. 



Siae X 


Siae X 


Mode X 


Siae X 
Nbde X 


Se^c X 


Made X 


I.ft* X 


I.ft. X 


I.ft. 


Sex 


Seac 


a&x 


3 


3 


1 


3 


4.47 


8.42 


1.65 


11.16 


w «• 


1.13 


mmm 


1.49 



^ Two significeuit interactions are of interest here. One is a 
“Size of unit" X "mode of practice' to be discussed in this 
saction. The second is "I.Q." X "mode of practice" to be 
dfiacnssed in the next section. 



Row 2 of Table 3 summarizing all the first order interactions 
rsveals that the "size -of -unit" and '‘mode -of -practice" interarlion 
igs significant at the 5^ level. Figure 3 (page 2k) plots the mean 
Mupsiiber of errors involved in this interaction term. The experimentally 
^troduced difference between the two practice groups consisted of 
allowing the recognition group to engage in a^d recognition 

loth groi;^ mtched the demonstrations and engaged in 












active responding to pictorial options during the demonstrations. 
^!^e actual -practice group then immediately practiced putting the 
M)tor together (Cell C in Figure l)» The recognition-practice^ 
^oup on the other hand had the opportunity to engage in additional 
practice recogniiiing (based on multiple choice pictorial options) 
correct from incorrect assemblies prior to its first assembly 
|Cell B in Figure l). From Figure 3 > i't appears that this ad^d 
practice offset to some extent the detrimental effects created by 
the ioici*eae^ sise of the demonstration unit. 
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Fig. 2 

3^teraction between "Size of Unit" and 

Results on the effect of "size of unit" iray be summarized as 

(a) Tile larger the size of the demonstration unit observed 
before students were permitted to assemble a motor, th'.* 
more errors students committed. However, the differences 
among groups which had watched different sized demonstration 
units were not significant. 

fh) There was a significsuit interaction, however, between the 
"size of imit" and "I.Q." Increasing the size of the 
unit led to higher error frequencies in assembling a 
motor primarily for low-I.Q. S^s. 

(e) There was also a significant interaction between "size 
pf unit" and "mode of practice." Students who, in 
addition to watching and responding to the original 
demonstration, engaged in supplementary recognition 
prfictice tended to be less affected by the increased ' 

demonstration unit size than students who only watched 
the original demonstration. 




. Mean Error Scores on First Assembly of Entire Motor ; 



TABUS 3 



Summary of Analysis of Variance; 
Erroi’S on First Assembly of Coramur,aLur 



Site of 
IMt 



Sour ce of Variance 

I.ft. 



Iloie of 
a?«etice 






^iMt 
{|l>der 
SriSeta 



df 

Mean Square 

f 



3 

k.62 



1 

13.01 



1 

1.48 



1 

.46 



Within 

47 



2.32 



lieeond 

(juder 

irractt 



df 

Mean Square 
F 



1.99 


5.60* 


— 


- 




Si.se X 


Um X 


Sise X 


Mode X 


Mode X 






8me 


I.Q. 


Sex, 


3 


1 

3 


3 


1 


1 


5.19 


7.57 


.45 


17.96 


2.49 


2.24 


3.26* 


— 


7.73** 


1.07 



I.Q. 

X Sex 



1 

.40 







Site X 
X 


Site X 
Sex X 
Z.Q. 


Sise X 
Mode X 
SMC 


Mode X 

x.q. X 

Seac 


Sise X 
Mode X 
I.Q. X 
Sex 


iliSber 

Order 

ITfeett 


df 

Mean Square 
P 


3 

2.96 

1.28 


i 

3.77 

1.62 


3I 

6.00 

2.58 


1 

.13 


3 

1.22 


^jnifioanee lavelas ^ 


‘.at; ..=1^. 
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Fig. 3. lean Error Scores on First Assembly of the Commutatog; 
teteraotiao tetneea "8i»e of Uoit" and "Mode of Eraetiee.’’ 
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ie ©f Bractlce . 

fwo questions are raised about the mode of practice: 

(a) Does recognition-practice adfed' to observation of 
a demonstration affect the f^st performance of 
the task demonstrated? 

(b) Uhat Is the comparative effect of recognition-practice 
vs* actual-practice cm suhsequ^t criterion, performance* 



Effectiveness of added recognition practice. 



We have already seen that students jAio, in addition to 
mtching and responding to a demonstration of a motor assembly^ 
i^d the opportunity to engage in additional recognition practice, 
W6|re less affected by an increase in the size of the demonstration 
Ul^t. Additionally, on the first assembly of the entire motor, 
group^that received added recognition -practice, made fewer 
^rors (X = 3*64, S.D. = 2.l6) than the actual practice group 
® ® 4.62, S.D. = 3*94). But, this difference was not significant 
pee Table 2). Table 3^ however, concerned with data on the 
first assembly of the commutator only, reveals a significant mode- 
-practice X I.Q. interaction (P^.Ol). Table 4 below provides 
e mean error scores for the Cells involved in this interaction, 
can be noted that low I.Q. Ss who had added recognition practice 
fewer errors than their low I.Q* counterparts who had merely 
the demonstration. 




Itelative effect on criterion perfonnance of actual practice 
and recognition practice. 



We are ready to compare Cells E and F in Figure 1 (page 19) 
i^ich provide data on the criterion assembly of the motor. A 
oi^mparison of these cells permits an assessment of the relative 
effectiveness of two types of prior practice: practice in assembling 

a motor (Cell C) and prsu:tice in merely recognizing the correctness 
or incorrectness of pictori&dly displayed assauhlies (Cell B). 



Errors in assembly of the motor. 

Table 3 summarizes the analysis of variance for error data 
on the assembly of the complete motor on the criterion performance. 
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j^t will be noted in row 1 that mode of practice produces a 
main effect (p^.OOl). Table 6 presents the means for the two 
which had had different types of prior practice* 



TABLE 4 



Mean Error Scores on First Assembly of Commutator: 
Mode of Practice X I.Q. Ihteraction 



Mode 



Watching Demonstration 
Added Recognition Practice 



I.Q. 

Low 

0.9 3.1 



1.7 1.5 



Students who had had prior practice actually assembling a 
motor made fewer errors on the subsequent criterion assembly than 
those students who merely bad prior recognition-practice. 



TABIS ^ 



Sunanwry of Aiudysii of Variance: 

Brrori on Criterion Aaiembly of Entire Motor 



Source 



Variance 



flNt 

Qvter 

Iffieti 


df 

Mean Square 
f 


Site of 
Itolt 


i.a. 


Mode of 
^actioe 


Sex 


Within 


3 

5.29 

1.84 


1 

.52 


1 

84.58 

29. 59*** 


1 

2.94 

1.02 


47 

2.86 


1 




Slie X 


Site X 


Siae X Mode X 


Mode X Z.Q. 


1 






Mode 


_Sex_ I.Q. 


Sex 


X Sex 


Itecmd 


df 


3 


3 


3 1 


1 


1 


Mi$r 


Mean Square 


12.44 


4.11 


3.31 1.83 


25.50 


' 7.32 


in»ct» 


f 




1.40 


1.16 .64 


8.92 


•• 2.56 







1 

Siae X 
Itode X 


Siae X 
Sex X 
I.Q. 


Siae X 
Mode X 


Node X 
I.Q. X 
_8gx__ 


Siae X 
Node X 
I.Q. X, 

Sex 


lecher 


df 


3 


3 


3 


1 


3 


Order 

liraeta 


Mean Square 


2.37 


.73 


5.77 


.98 


1.12 


f 
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TABLE 6 

M^An Error Scores on Criterion Assembly of Entire Motor 
fir IKriups Beceiving Different Q^pes of Prior Practice 





Actual 


r 

Becognition ' 




PiEH^tice 


Practice 


Sc 


1.62 


3 J 64 


S.D. = 


1.56 


2.16 


N 


40 


39 



Looking at the first order interaction row of Table it can 
W noted that there was a significant mode-of -practice X sex 
iljiteraction (P^.Ol). Table 7 presents the means for the cells of 
’^is interaction. While prior recognition practice leads to raca?e 
errors on criterion performance for both 
to he more handica^^d by it . 

I 

TABLE 7 

I 

ykiaiL Error Scores on Criterion Motor Assembly; 

Mode of Practice X Sex Interaction 

Sex 

Hale Female 



Mode 


Actual 

Practice 


i.i 


1.2 


1 of 
Practice 


Becognition 

Practice 


3.2 


if.2 


Time -t o-c omplete 


motor assembly. 







The relative effect on criterion performance of the two types 
of prior practice, actual practice and recognition practice, may 
he assessed by the time it took each group to complete the motor 
afJsembly. Table 8 presents mean completion time in minutes for 
■l^e two groups. The group that had prior recognition- practice 
took more time, 7 minutes more or approximately 30^ longer to 
assemble the motor on the criterion task than the group that h ad 
actually practiced putting another motor together. As can be 
noted in row 1 of ICahle f, this las stpilficant at 

the .l#lanpsl« 
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TABLE 8 



|4san Completion Times on Criterion Motor 
Assembly for Two Modes of Practice 





Mode 


of Practice 




Actual 


Recognition 




Pi^tice 


Practice 


1 


=' 24.U8 


i 

31.71 


S.D. 


» 5.57 


6.38 


N 


s kO 


38 



TABLE 9 

Summary of Analysis of Variance: 

Time to Complete Assembly of Entire Motor 



Source of Variance 



Sise of 
Uait 



Mode of 
Practice 



OCA 



Within 



yimt 

Order 

Ifhicti 


df 

Mean Square 

F 


3 

41.82 

1.04 


1 

26.61 


1 

876.26 

21.82 


««« 


1 

5.82 


46 

40 . 16 






Sise X 


Sise X 


Sise X 


Mode X 


Mode X 


I.Q. 








Made 


asx 




Sex 




X Bex 




df 


3 


3 


3 


1 


1 




^ 1 


Second 

Order 


Mean Square 


9.12 


.81 


32.78 


12.70 


51.78 


1.62 


irfsefes 


F 




— 




" " 


1.29 
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Results on "mode -of -practice" may be summarized as follows: 

I (l) On the first assembly of the entire motor, the group 
that had added recognition practice (before the first assembly) 
mule fewer errors on the first assembly than the group that did 
sot* fills difference was not significant however. 

(a) Among low-I.Q. Ss added recognition practice did 
lead to significantly fewer errors. 

(3) On the criterion assembly of the motor, the group that, 
h^d practice putting it together beforehand made fewer errors and 
took less time (to a statistically significant degree) than the 
that had had recognition practice only. 

(a) V/hile all students who had recognition practice 
made more errors them the actual practice group, 
this effect was moce pronounced for girls. 




DISCUSSION 



The results of the present study on procedural learning aay 
be summarized by posing and answering three interrelated questions. 

I^ch question follows in turn. 

^6 the Programming Strategy Adopted Ef fective? 

■'-1 

For teaching the procedural skills involved in the assei.bly ^ 

df the three -pole electrical u.otor the following strategy was 
adopted. A ...odel demonstration was presented that students could 
later imitate. Built into portions of the demonstration were 
discrimination practice opportunities having to do with the 
Selection of correct parts, the correct locations of those parts, 
dnd correct assembly sequences. The strategy thus called for 
students to attend to and observe the model deuionstration and 
then to practice distinguishing correct froni incorrect assemblies. 

ISre they able to assemble the motor effectively at the end of 
the demonstration? 

Out of a possible 8? errors, the entire group obtained a 
mean score of k.lQ errors. Taking this value of the mean and 
adding to it 2 S.D.'s resulting in a value of 13 *04 errors and 
expressing this value as a proportion of the total number of 
errors possible, i.e., 13.84/8?, it is apparent that the approx- 
imate, maximum error rate observed was only l6^. The nje^ 

^rror rate was, of course, roughly a third of this value. These 
values are well within the range typically accepted for programmed 
instruction. (In practical situations, tolerable error rates, 
of course, depend on the consequences of riiaking errors.) 

It goes without saying, that in the absence of comparison data for 
some other programming strategy (varying in systenatic and ideal. if ia le 
ways from the one used here), it is not possible to conclude 
the program strategy used here was the most effective one possible, 
however, on the basis of the obtained results, it is reasonable 
to conclude that the strategy adopted was an effective one. 

Did Increasing the Size of the Demonstration Uni t Reduce its 
Effectiveness ? 

The demonstration of the motor assembly served as a model 
for students to imitate. When the demonstration included the 
assembly of the entire motor without pause (unit size 4), the 
demonstration lasted, aj^p'oximitely one hour . nevertheless , 




despite this duration students at Its conclusion exhlbl^d ^ 
assemblv error rate of only 12^. The effect, however, was 
li-onounced for below average students than Lrgeir^ 

^unterparts . Even though ability was 
^rbal test (Otis I.Q.) the retention of visually obser 
procedural sequences was more greatly impaired for le 
Students . 

Vtolle It is true that some Impairment In performance was 

Observed as the si /e of the "““v,^“°’'of*ne-liKlble 

the entire group, this effect not 

proportions. Even though the uagni u e +j,e three- 

^ar to have been too Important, in f “entlal 

i^e motor It may, however, be Important to consider the potentl 

letrlmental effect that Increasing demonstration u^ si^e to. 
Other tasks, involving cither n.ore complex operati^ m 
number of operations, may be more seriously impaired for 11 
as well as for less able students . 

Problems in remembering a demonstrated sequence of Derations 
that Is long can be somewhat offset by additional recogni , 
practice. With added recognition practice ° ^11 

ffist unit was facilitated ..ost for the group that had seen 

^ units demonstrated in a row before 

A motor. Thus, this group had m f 

wilt that was closest in time to their actual ®®f®f ^ wth- 

Wlt . This suggests a possible strategy that would ^low length 
lS^ng demonstration unit size without perfonance decrement. It 
is cLceivable that an entire demonstration could be presented 
md then followed with a brief review involving recognitlo 
Bhactice. This could replace the more lime consuming actiwl 
Sactice of individual units (foUowed by more demonstration 
Sid actual practice, followed by more demonstration, :/ * 

Sis Is^L feasible strategy for lengthening the size of the 
temonstration unit without impairing subsequent student perJorman 
eif the procedural tasks that were deu-onstrated . 



Performance on the first assembly of the motor was facilitated 
^ added recognition practice occurring after the demonstration. 
Sif^s p^?SuLly"true for less able students, f-® ®-- 
toes for^e more able students were of almost negligible uatotude 
i!his effect of added recognition practice was observed for the 
S^S ablefif seems clearfbecause it was the only group that had 

room for improvement. 

Through added recognition practice students had further 
OEPortunity to practice discriminating correct from incori^ct 
correct from incorrect placen^ent of parts, and corre - 
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from incorrect assembly sequences. This type of practice 

after the demonstration represented additional review and appe^s 

to have facilitated retention on the part of the less able students. 



Before assembling the motor as a criterio n 
had had prior practice (with leodbaok) in 

raptor . A second group had merely practice group 

fm •+u ^ On the criterion task the actual-pracxi. - h F 

^i^^Ri^^nifVeantav fewer errors. But neither group made very many 

«fors'""hfS ra" the reco.«ltion-practlce group was 

for the aotual-prac Lice group “ /o?“errSrmde, and, 

T>irt-in+ of view the importance of absolute numoer 4 _„ 

.uo .,-v, 

5"2.Sl proporli™. If « " 

■^e value oi acT,uaj. iia „,.+u- 5 r, tniprable limits, recognition 

other hand, errors ui a task are m ^1^ critical, other logistical 

gctual practice or the , ^ pointed out that the recognition 

(29 minutes) as did the actual pra ^ mhe relatively low 

rat"v/dTnlL^I=^^ suggest that perhaps it 

could have been shortened. 



The greater value of actual practice may be seen in the 
difference between the two groups in the time it took to complete 
the criterion assembly. The actual-practice group took approximately 
85 minutes to assemble the motor; the recognition-practice ijroup 
tLk approximately 32 minutes or thirty percent 
its first assembly or practice of the motor e ' ~P 
group had taken approximately as much time (31 

Scwltlon-practfce group did on its first assemb^ (in this case 
the ^Iterion assembly) it seems clear that actual Praf 
facilitated the assembly of the motor. Vihile error reduction did 
sot reach sizeable pr operations, time reduction did. 



• "^lam^ior^ Sersuggest^tha^ both ?he acLal-pr^tice 

r i^e SSonWtLe Jroups learned ap^-^-ly e,^^lly 

SSud^*a*fa?rl^“leJ^thy mot^tskll element (winding wire around 

^r^ 4 e)"^ co^idLable portion 
Tz +h= «indtnff task for the three poles of the armature, aciuai 

wactice probably "smoothed out" these motor-skill . ® 

iif, ;«=k To the extent that, in any given procedural task 

S motor-skill element predominates (by virtue of its le^th or 
ttie motor Ski t ^ demanding as the prooedui'al or 

complexity) or is at wa« e^^ b^fit of actual piraetice 
sequential elemeirtB, we may e^eci me b«uoj.4.u 
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to show up more clearly. Where the procedural element Is paramomt, 
recognition practice may be adequate. These speculative conclusions 
aTc n require future empirical support. 



The interaction between mode of practice and sex throws 
additional light on the role of recognition practice. While 
both boys and girls who had recognition practice made u.ore errors 
th an those who had actual practice, the effect was more pronounced 
fbr girls. Since girls are likely to have had less experience in 
dealing with either the procedural or motor elements involved in 
tile assembly task, recognition practice does not appear to nake 
up for the lack as much as actual practice. For boys, on the 
Other hand, recognition practice, as measured by errors, appears 
Of comparable value with actual practice. Calling for recognition 
fractice may thus be a suitable strategy when it can capitalize 
or build on relevant experience. 



Overall it may be concluded that actual practice is superior 
to recognition practice. There are circumstances, however, when 
riecognition practice may be adequate. These udglit include; prior 
Experience with the motor or procedural elements involved in a 
taskj ^sn the proportion of motoi>*skill elemfents in the task are 
minimalj or when logistical dr 6®Bt odsnsi^eratioos nay preclude the 
uie of actual equlpieiit. 






















EXEBRIMBNT #g 



M INVESTIGATION OF THE EFFECT ON 
IflOCEIIlIHAL LEARNING OF l^DB OF PP.ACTICE 
13UEIIG AND AFTER DEMONSTRATIONS 



The purpose of this study is to assess the effect on procedural 
learning of various modes of practice engaged in during and 
following a demonstration. This study replicates 

^ investigation begun in Experiment #1 in which production (ac ual) 
found to be sujipifioir to recopaition practice. 
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METHOD 



With the exceptions to be noted below, this experiment used 
identical iiiaterials and followed identical procedures used in 
Experiment # 1 , O^e reader is, therefore, referred to the method 
section of Study #1 for details. Only the Usopatioiis isfcj^uced 
in this study will be detailed h^re. 

Haterlals . 

Television tapes . 

I 

! ' ■ 

One of the four television tapes used in Experiment #1 was 
^elected for use in this study. It was the tape that allowed for 
^dded practice, either of the active, production variety or the 
l^ecognition variety, only after all four units had been demonstrated, 
^t was this tape that led to the highest error rate (compared to 
the other tapes but by absolute standards, an acceptable error 
rate). Since it produced the highest error rate, it could allow 
the beneficial effects of preustice to be demonstrated more recidily 
than could the other tapes. With them there would be little 
3 : 00 m for improvement. 

For this experiment one new tape was prepared. It was comparable 
■|o the tape described above except that all recognition practice 
huilt into the demonstration itself was deleted. Thus, with this 
tape students merely watched and then were expected to conqplete a 
cz'itsrlon assembly witho^ hasi^t aiar prior praetiee. 



Other materials . 

Workbooks, motor kits, and obsesrver checklists used in 
Experiment #1 were also used in this experiment. 

Besign of the Experiment. 

Six experimental treatments were devised for this study. They 
are summarized in Figure 1. Group 1 had no practice of any kind 
|rior to the criterion assembly. Ss in this group uierely watched 
"l^e demonstration. This group, thu¥, provided a baseline against 
^ich to compare the various types of practice called for. Group 
i engaged in recognition practice with the multiple choice items 
intarspersed throughout the demonstration. These items, identical 
to #tose in Study 1, had to do with selection, locating, and 



cxrdering the assembly of motor parts. Group 3^ in addition to 
the recognition practice just described, engaged in recognition 
practice following the completion of the demonstration. Group 4, 

of the demonstration (including the 
buHt-in recognition p«etice^ practiced. asa^ihiiiii a motor. 
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SIbtll group! eogoaea in recognition and ofituol pcmctice; Iroup 5 l>od recognition practice before 
■Blail practice; Orotqp 6 bad the aane kind of practice but in the reverae order. 

Fig. 1. Types Of activity engaged in by experimental groups. 



groups 5 and 6, had all the possible types of practice: during 
the demonstration-recognition practice and following the demonstration 
T^oth additional recognition practice and actual assembly practice, 
fhe only difference between these latter two groups was the order 
in which recognition and actual practice occurred following the 
demonstration. 



Groups 2-6 thus engaged in different types and combinations 
of practice enabling an evaluation of their respective oontrlbutioaia* 



Procedure . 

■ -H 

Administrative details f ollqfwed In Ixperiment 1 were also 
followed in this experiment. 

gample . 

Fifty-one seventh graders from two schools in the Pittsburgh 
area participated in this experiment. They were randomly assigned 
to the six exp«?imi®ital eomditions of the experiment. 
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RESULTS 



In analyzing the effects on the criterion motor assembly of 
■^lie various types of prior practice, "time-to-coinplete" and 
“errors" served as the critical dependtafe variables. Stebles 
1 smd 2 sumarise the results. 

TABLE 1 



Mean Number of Errors on Criterion Motor Assembly 
for Groups Receiving Different Types of Practice 



Groups 






S.D. 


N 


Error 

Rate 


lo Practice 


1 


3.88 


3.09 


8 


4.5^ 

1 ; 

1 

1 I 


Recognition Prskctice 
luring Demonstration 


2 


6.38 


4.98 


8 


7-3^ 


Recognition Practice 
+ Added Recognition 
Practice 


3 


i.67 

1 


3.24 


9 


5.^ 


Bscognition Actual 
Practice 


k 


1.00 


1.00 


9 


• 

1-1 


Recognition + Added 
Recognition + Actual 
practice 


5 


1.50 


2.00 


8 


1.7^ 


Recognition + Actual 
Added Recognition 
Practice 


6 


1.89 


4.28 


9 


2 . 2 $ 



I 

An analysis of variance based on the error data revealed 
eignificant differences among the treatment groups (F=4.54, 
ehich for 5/39 df is statistically significant at the 1^ level), 
'ihere were no statistically significant differences among groups 
4, 2, and 3 which had either no practice or only recognition 
Practice. These groups, however, did make more errors than 
groups 4, 5, and 6 (although not all individual comparisons were 
Significant). These latter three groups all had practice 
assembling a motor before they undertook the criterion sssenibly . 





Bat among groups 4, 
assembling a motor , 
differences . 



5, and 6, all of which had actual practice in 
there were no statistically si©iificant 



It should be noted (see Table l) that even among groups 1, f 
and 3, which made the most errors, none reached a mean error 

rfite of 10^. 



Time-to-complete the motor assembly provides more telling 
results in comparing the first three with the last three 

can be noted in Table 2, even the smaUest difference foimd between 
Se fastest group amono the first three ^oups (&oup 1) and 
^ slowest among the iMt three groups (Qroup 4) ««s approKimateajr 

seven minutes. 



! 



TABLE 2 

Mean Time-to-Complete the Criterion Motor Assembly 
for Groups Receiving Different Types of Practice 



Groups 


1 


1 

X 


S.D. 


JL 


M© Practice 


1 


30.38 


5.58 


8 

[ 

1 


1 

Becognition Practice 
During Demonstration 


2 


3^062 


U.96 

1 

1 


8 


Becognition Practice 
+ Added Recognition 
]^actice 


3 


.33.11 

1 


@» 2 i ^ 


9 

1 


Recognition + Actual 

Preictice 

1 




^•22 


7 .81 


9 

1 


1 

1 

Bbcognition + Added 
Becognition + Actual 
Practice 


5 


m,30 

1 


1.07 

i 


i 

1 

1 


Bscognition + Actual 
4 ! Added Recognition 
Bractice 


6 


21.00 


5.89 


9 



As in the case of errors, significant differences were found 
the groups (l«5.38, ^^h for 5 / 3 f ^ ^ statistically 
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significant at the level). Also, as in the case of errors 
tiere were no significant differences among the first three groups 
Of among the last three groups. Unlike the error analysis, however, 
s^h of the first three groups took longer than any of the second 
^hree groups; these time differences were statistically significant . 
^se differ^aces in wmsi timts ranged tram to 15 minutes. 
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DISCUSSION 



The findings reported here have JJaralleled those reported in 
Study #1. As compared to recognition practice, actual practice 
in the motor assembly resulted in significantly fewer errors. 

The lowered error rate was statistically significant. In practical 
terms, error rates were low no matter what type of prior practice 
students engaged in or, for that matter, whether they engaged in 
any practice at all. Merely watching the demonstration, and in 
this experiment it was a lengthy one, with the entire motor assembly 
demonstrated before criterion assembly was allowed, enabled students 
to assemble a motor with relatively few errors . 

Completion times also revealed statistically significant 
differences between recognition -and actual -practice groups (as they 
had in Study #l). The magnitude of the differences appears to 
have practical significance as well. The slowest of the actual- 
practice groups took approximately 23^ less time on the criterion 
assembly than did the fastest groups that had not engaged in actual 
practice . 

The contrast between error and time data invites explanation. 

The low error rates for all treatment groups suggest that the 
demonstration (with or without recognition practice) adequately 
prepared students to select the right parts, to put them in the 
right places, and to assemble them in the right order. Thus, on 
the basis of the demonstration alone students learned to identify the 
correct parts, their correct location, and the sequence or order 
in which they were to be assembled. What merely watching the 
demonstration appears not to have done was to give them the motor 
facility in doing all these tasks. The contrasting time data 
suggest this interpretation. Actual practice appears to facilitate 
the generally time consuming motor component of a procedural -mot or 
task. Indeed, discrepancies between time and error data may be 
diagnostic of the relative importance of the motor and procedural 
components. 

The demonstration alone, even minus any kind of recognition 
practice, appears to have been sufficient to teach the procedural 
component in the mot or -assembly task. Just how much recognition 
practice can add could not be adequately shown in this study. For, 
even using the demonstration tape showing all four units assembled 
before assigning the criterion task, presumably the most difficult 
task that could be assigned, resulted in low error rate. In Study 
#1, the value of recognition in offsetting the negative effects of 
increasing unit size were duly noted. But even there, the effects 
were smeJJL (due no doubt to reduced margins for Improvement ) . To 
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ieterminci what kind of contribution recognition practice can make 
ikll require either a longer or a more complex (or both) procedural 
task. For, only as the limits of a demonstration alone to teach 
procedures are reached, can the facilitating eff€iCts of recognition 
practice be more adequately assessed. Thus, in order to assess the 
Contribution to procedural learning (as opposed to learning of 
"^he motor components of a task) of either recognition or actual 
^actice, a procedural task should be found \diich taxes the 
qapability of a demonstration more sharply than did the assembly 
©fa three -pole electric motor. 

I 

To answer the research question about the relative contribution 
rif actual vs. recognition practice, the assembly of a three -pole 
Electric motor may not have been long or complex enough. But, it 
i^s not an easy task. It is reassuring to note that a well-prepeo:ed 
Ceraonstration, concentrating on part identification, recognition 
Cf correct part locations, and recognition of correct assembly 
Sequences, could teach such a task. Its adequacy was attested to 
by the failure of added recognition practice to produce hei^^tened 
aciiievement results. 



Of considerable help in accomplishing the teaching goal in 
this study was the patent interest of seventh graders in the motor - 
diSsembly task. The promise of an electric motor at thf^ end of 
”^he experiment resulted (as noted by observation of student behavior) 
in heightened attention to the demonstration. Even the longest of 
l!he experimental treatments resulted in no obvious fidgeting often 
;|^ound in experiments devoted to the learning of science concepts 
and principles. This kind of consistent attending and observing 
behavior may be a key factor in allowing a well prepared demonstration, 
even one that requires no active responding (of either the recognition 
^r actual variety), to teach a procedural task adequately. It 
does appear, however, on the basis of the two experiments reported 
llere, that, even with heightened motivation, actual practice is 
seeded to reduce the time requirements involved in performing newly 
learned motor tasks . 



Future research would do well to single out the motor and 
procedural components of any given procedural -motor task as a 
i^ans of determining the contribution that various types of practice 
contribute to each. This, as was suggested above, will have to 
be done in the context of specific tasks that tax the 
©f a d^nosstratlan aXons to teach either eoiipoiieiit* 
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CONCLUSION 



The two studies reported In this volume represent a mtural 
nroaresslon or evolution from earlier studies in film mediated 
^^dural learning. In earlier studies I;® f 

a freauent requirement. In the present study, ma^ featwes 
5 the hehavloral technology represented in Progr^d 
wiere employed. Active student response was, of ^ . 

the! However, more attention was paid to the 
*+iidflntrf attending/observing behavior, as well as the behaviOT 

lea^nedrJi^r the ^trol of the demonstration^ events. i 
In addition, the learning task was analytically invest^ated 

ir^vSioiTi^ ^te^vS?Ttaping) also were 
tised. in the present study . 

The techniques and procedures used in the 
i-eseirible those used in varied types of programmed instruction, 
nerhaps more than those found in studies on film mediated procedural 
S^i^! However, they deviate in one respect from 
SfOTts and are moie like the earlier film studies. In some 
™ammed efforts, procedural learning, involving 1^ cto^ed 
tends to Te taught In a backward order. The student 
ietons th^ last step first, then the last two steps, the last 
■^ee, the last four, and so on. OSius, when a newly learn 
^p is performed it is always followed by an already lear^d 
Xb which serves to reinforce it. In the present study, the 
Stir assembly was demonstrated in the order it was expected to 

he learned and performed. 

It makes little sense to compare two different programs 
ttitempting to teach the same thing. The outcome depends on h^ 

^11 each was programmed to begin with. The ° , 

made only if one program is a variant of the other, j^th t 
mriation identifiable in specific ways. Thus, if the same 
2L)nstration could be presented, with only the order of ®y® 
c^ianged, the forward and backward programmi^ 

Ksessed. It mi^t be possible to do this. For ^® 
however, a few rational points, with speculation an admitted 

Qimsponent , can be made . 

As was pointed out above, one of the key features of hac^d 

chaining, is the reinforcing and confirming nature 

" step# psrepared hesre, befors actually 
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assembling a motor, st\ dents were given practice in recognizing 
what crucial completed steps look like. Thus, when they assembled 
a part or parts of the motor, they presumably knew whether they 
had performed the assembly correctly (and the correct assembly 
eauld re inforce /confirm their responses). 

Prior discrimination practice concerning correct assembly 
characteristics can thus serve functions performed by the last 
learned step in the backward chaining approach. Are there other 
rational considerations (subject to empirical verification) that 
Bd^t favor the "forward order" demonstration? Some theoretical 
srad logistical considerations do suggest themselves. 

In raathetics, the term "operant span" is applied to describe 
the length of the learning unit that can be handled by the learner, 
that is, that enables him to respond correctly. An optimal train- 
ing strategy is one that exposes the learner to as big an operant 
span as he can handle. The less cued his performance, the more he 
jLs "stretched" and the more likely he is to respond adequately to 
yncued criterion situations. The first study in this volume has 
an^ly indicated that the forward order demonstration of the entire 
motor assembly adequately prepared most students to assemble the 
entire motor with relatively few errors. Thus, by simply watching 
demonstration and with some recognition practice the student 
can be assigned the largest possible operant span. In the backward 
chaining approach, the entire procedure must, by regulation, be 
broken up into several steps, so that each learned step can confirm 
the preceding step. 

One practical consequence of the apparent requirement of the 
Resulting, smaller operant span in backward chaining is the neces- 
sity to practice steps over and over again (with the last step 
practiced the most, the next to last step practiced the next most 
pften). This can result in greater time requirements than is the 
ease in the forward leeurning sequence, where, as was the case here, 
one practice trial was sufficient. 

Both the forward and backward approaches have the means to 
:ij*einforce/confirm the procedural elements (choosing, locating, 
fnd ordering parts) in a procedural -motor task. Neither appears 
to have an edge over the other in reinforcing/confirming the 
Ipotor-skill elements in such a task. There may be a variety of 
^ys to hold or move your heuids and to get the job done, the correct 
jjissembly may not reinforce the most efficient motor pattern, 
ipiscrimination practice for this component may be a requirement 
for either approach (forward or backward). If not used in the 
backward approach, the imit or operant span might have to be 
imde even smaller to reinforce specific motor patterns. 

On the basis of the findings presented in this study, it appears 
that programmed, forward-order demonstrations can effectively and 
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efficiently teach procedural-motor tasks. Final judgment on issues 
raised here and the verdict reached on such demonstrations wi.ll 
^pend on careful and more detailed identification of characteriatics 
Of various types of procedural tasks and the instructional strate^ 
hast suited to^ ^t may he f^ali^tlvely differ^ti procedural 
lea ml ng tasks. 
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SUMMARY 
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Two experiments were performed for this project on the use of 
programmed demonstrations for procedural learning. The first 
(^xperiment was concerned with two interrelated Issues (a) the 
development oi programming techniques for designing demonstrations 
to teach procedural learning; (b) the investigation of the effects 
^ procedural, lesirning of such variables as the size of the demon- 
stration unit and the mode of student practice following the 
^monstration. The second study replicated and extended the inves- 
tigation of the relative effectiveness of alternative modes of 
practice during and following demonstrations. 



In both experiments seventh-grade students learned to assemble 
^ three -pole electrical motor after having watched a video-taped 
^monstration. Each demonstration was programmed so as to teach 
Students correct part selection, part location, and part assembly. 

^e learning experience included: watching a televised demonstration; 

practice during the demonstration, recognizing how to assemble the 
l^tor on the basis of multiple choice pictorial options; watching 
review sequences; following the demonstration, either Additional 
Recognition practice or practice actually assembling a motor. All 
Students assembled a three -pole motocr as a criterion performance. 

Beiults of Experiment #1. 



glze of the demonstration unit. 



(a) Sie larger the size of the demonstration unit observed 
before students were permitted to assemble a motor, the 
more errors students committed. However, the differences 
among groups which had watched different sized demonstration 
units were not significant. 

(b) There was a significant interaction, however, between the 
"size of unit" and "I.Q." Increasing the size of the 
unit led to higher error frequencies in assembling a 
motor primarily for low-I.Q. Ss. 
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ere was also a significant interaction between "size 
©if unit" and "mode of practice." Students who, in 
addition to watching and responding to the original 
demonstration, engaged in supplementary recognition 
psustice tended to be less affected by the increased 
imnstration unit slse than students who only watched 
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Mode of practice 



(1) On the first assembly of the entire motor, the group 
that had added recognition practice (before the first assembly ) 
yMfciie feifer errors on the first assembly +han the group that did 
difference was not significant however • 



(a) Among low-I.Q. Ss added recognition practice did 
lead to significantly fewer errors. 



(2) On the criterion assembly of the motor, the group that 
practice putting it together beforehand made fewer errors and 
iook less time (to a statistically significant degree) than the 
group that had had recognition practice only. 

(a) While all students who had recognition practice 
made more errors than the actual practice group, 
this effect was more pronounced iPar girls. 



Programming strategy employed. 



It goes without saying, that in the absence of comparision 
data for some other progranuning strategy (varying in systematic and 
identifiable ways from the one used here), it is not possible to 
conclude that the program strategy used here was the most effective 
one possible. However, on the basis of the obtained results, it 
is reasonable to conclude thal^ the strate^ adopted was an effective 
one . 



Results of Experiment #2. 



The findings reported here have paralleled those reported in 
Study As compared to recognition practice, actual practice in the 

a^or assembly resulted in significantly fewer errors. The lowered 
3ror rate was statistically significant. In practical terms, error 
raites were low no matter what type of prior practice students engaged 
or, for that matter, whether they engaged in any practice at all. 
Hai-rftiy watching the demonstration, and in this experiment it was a 
lyengthy one, with the entire motor assembly demonstrated before 
criterion assembly was allowed, enabled students to assemble a 
actor with relatively few errors. 



Completion times also revealed statistically significant 
differences between recognition-and actual -practice groups (as they 
in study #l). The magnitude of the differences appears to 
liive practical significance as well. The slowest of the actual- 
practice groups todh approximately 83^ less time on the criterion 
y than '^he that had sot ^ngs^ssd in actual 













Two contrasting approaches for teaching procedural learning 
^re discussed; (a) backward chaining; and (b) learning procedures 
in a forward order on the basis of demonstration. A key feature 
Of the backward chaining approach is the possibility of the last 
learned step providing confirmation for the practice of the procedural 
iitep before it. It was pointed out that in forward order learning 
of procedures, discrimination practice with \diat a correct assembly 
l oo l T B like makes it possible to provide the same kind of confirmation 
at the completion of a step. 

It was suggested that future research would do well to single 
but the motor and procedureUu components of any given procedural- 
aotor task as a means of determining the oiiitrlbotlOBi that various 
t^pses of praetioe eoatrihute to eaoh* 
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j Two experiments were performed in this project concerned with the teaching of 
Ipirocedxu^al learning by means of visual demonstrations. Television tapes were pre- 
‘ 2 d to teach seventh graders how to assemble a three-pole electric motor. Students 
Itched the demonstration, answered multiple-choice recognition questions in workbooks 
ring and after the demonstration, watched review demonstrations, and engaged in 
ztice assemblies. Results on reseeurch issties were as follows: increasing the 

jiiie of the demonstration unit that students must watch before being allowed to 
isemble a motor leads to more errors, particularly for students of below average 
|bility; the detrimental effects of increased unit size ceux be offset somewhat by 
Lowing students to practice (at the recognition level) differentiating correct 
incorrect assemblies; and criterion performance on the motor assembly, idiether 
jissessed in terms of errors or time-to-complete, was fcusilitated more by actual 
ractice than by recognition practice. It was genercdly concluded that the pro- 
techniques developed for visual demonstration effectively taught a pro- 
?aX lAMuming task. The appraach used consisted in providing a model d«llonstra^ti 3 a 
in addition allowing students to disoxlisinate hetwMm eorreet emd in^»?rect 
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Jfi, Armature Assembly 

Armature Assembly Review. . 
Commutator Assembly . . . < 
Commutator Review . . . . . 

Base Assembly < 

Base Assembly Review. . . 
Coifflecting the Motor Barts 
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Today you are going to learn how to 
put this kind of motor together. 



4t the end of the demonstration 
^hat you are going to see^ each 
one of you will put a motor together 



A major peirt inside this motor is 
the part that turns. 



H This is what the turning part looks 
like it is taken out of the motor 



^ before you can put this big turning 
]^art together, you have to be able 
to recognize all these sm all parts 
that go into it. 

Hj There is some wire which is wrapped 
around here. 

l|| ^^is is what the wire will look 
like before you put it on the 
turning part . 

IP ^ere are two small tubes, one on 
side and one on this side. 

^ is what the smetll tubes will 
|.ook like before you pml UMl 9 






: 




Hhere are two large wheels^ one on 
this side and one on this side. 

^Is is what the large wheels will 
look like before you put then on 
the turning part. 













ibid there Is a rod like this with 
aetal parts on It. 



let's see If you can pick out the 
fmall parts that make up the turning 
part of the motor. 

^Purn to page A-1 In your workbook. 

put an X below the picture that 

I • 

shows the small pieces that make 
up the turning part of the motor. 



Xou should have 
picture B. 



Now let's see how these parts are 
put together. 



let's see how they are aesesjbled 
to make the turning part. 



Ihe first thing to do Is to 
(Straighten the three long wires 







Wiiltel 












^ W!l|th a small piece of ssmdpaper^ 
scrape the coating from eaush 
of the wire like this. 






l&en you finish, about one Inch of 

I 

each end of the wires should be 
shiny and should look like this. 

When you finish doing this with all 
t^ree wires | place the wires on the 
table . 



Because the metal rod Is so small, 
let's use this large model to get 

I 

a better view of how the parts are 
put together. 

F^st, take one large wheel and 
piit It on one side of the metal 
rod like this. 



Then take the other large wheel 
and put It on the other side of the 
rod, like this. 

This Is what It looks like when the 
lirge wheels are put on the right 







H XULt the rod toward you^ then wind 
the wire around this spoke. 

H Let's use this large model to get 
a better view of how the wire is 

I 

ll^pped around the spoke. 



Ihe wire goes over the top of the 
spoke ^ in this direction. 

P Heep winding the wire carefully^ 
siHd tightly back and forth^ like 
this 



Ihen take the other small tube and 
put it right next to the large 
wheel on the oth^ side o£ the rod 
like this . 

Turn to page A-2 in your workbook. 
Put an X below the picture that 
shows how the large wheels and smal l 
tiiaes should be put on. 



^ You should have put an X below picture 

On each side^ there should be a 
large wheel and a tube like this. 

H let's watch the next step. 

the metal rod Euxd hold it 1:^ 
the long end^ like this. 



Take one long wire and hold one end 
of it against the long «ad of the 
rod^ like this. 





K^ep winding until about one Inch 
if the wire Is left sticking out 
toward the long end if the rod^ 
like this. 



0 Also, when you finish, the wire 
aa^ound the spoke should be tight 

I 

like this and It should cover 

evenly aH the way across* 




As you can see on this real turning 
pijirt, when you are done, there are 
two wires about the same length 
sticking out from the spoke. 

>|| How let's wind the second spoke, 
ibid the metal rod by the long 
end again,' like this. 



fl irake another long wire and hold one 
end against the long end of the rod. 



i; 







|| Tilt the rod toward you and wind 
the wire around another spoke . 

p Iiet's use the model again to see 
hpw the wire Is wrapped aroxmd 
this spoke . 

^e wire must also go over the top 
of this spoke Ilka It did on the 
first spoke. 

P BLnd the wire carefully and | 
tifhtly around the spoke • 




• Keep winding until alDout one Inch 
of wire Is left sticking out toward 
the long end of the rod, like this. 

• When you finish^ the wire on the 
second spoke should he tight smd 
It should cover the spoke evenly 
all the way across. 

• As you C8in see on this real t\irnlng 
part, you should also have two 
wires of about the same length 
sticking out from the second 
spoke. 

• Turn to page A-3 In your workbook. 
Put an X below the picture that 
shows the spoke with the wire 
correctly wrapped auround It. 



• You should have put an X below 
picture C. 

• Turn to page A-4 In your workbook 
for another problem. 

Now look at the screen for a problem 
on how the wire should be wound. 

• Here Is choice A. 

The wire on one spoke should be wound 
over the top . The wire on the 
second spoke should also be wound 
over the top. 






If this Is correct, put an X next 
to answer A. 






• Here Is choice B. 

Ihe wire on one spoke should he 
wound over the top . !Hie wire on 
the second spoke should he wound 
imder the spoke. 

If this Is correct^ put an X next 
to answer £. 




# You should have put an X next to 
answer A. 

!Ihe wire must go over the top of 
both spokes. 



• Once agaln^ hold the rod hy the 
long end like this. 



• Take the last long wire and hold 
It against the long end of the rod 
like this. 

Tilt the rod toward you and hegln 
to wind the wire. 



• Once agaln^ let's use the model 
to see how the wire Is wrapped 
aroimd the empty spoke. 

Wind the wire over the top of the 
spoke ^ as you did on the first 
two spokes. 



# Continue to wind the wire \mtll 
about one Inch Is left sticking 
out toward the long end. 
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When you finish, the tl^ird spoke 
should look like the other two. 

QSie wire should be ti£^t and it 
should cover the spoke evenly 
all the way across. 

As you can see on this reed turning 
peu:t, you should also have two 
vires of about the same length 
sticking out from the last spoke. 

As you cein see, there are two 
vires sticking out betveen these 
tvo spokes. 

There are edso tvo vires sticking 
out betveen these tvo spokes and 
there are tvo vires sticking out 
betveen these tvo spokes. 

Take the tvo vires betveen these 
tvo spokes and tvist them together 
like this. 

When you finish, you should have 
one vire. 

Nov take the tvo vires from betveen 
tvo other spokes, tvist them to- 
gether, and make one vire like 
this. 

Turn to page A- 5 in your vorkbook. 
Put an X belov the picture that 
shovs vhich tvo vires should be 






tvisted together 




• You should have put an X belovr 
picture B. 

• Let's continue putting the turning 
part together. 

Twist together the two wires left 
between the last two spokes and 
make one wire like this. 

• Take the three wires you have Just 
made 6uid press them In toward the 
long end of the rod so that It 
looks like this. 

• VJhen you finish^ the turning part 
should look like this. 



• Turn to page A-6 in your workbook. 
Put 8 U 1 X below the picture that 
shows what the assembled turning 
pEurt should look like. 
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You should have put cm X below 
picture B. 




• Let's review how to assemble the 
t-urning part of the motor. 

• Here are the small pieces that 
make up the turning part. 

• Firsts straighten the three long 
wires . 

• With a piece of sandpaper^ scrape 
about one Inch of the coating from 
each end of the three wires, until 
the wires look shiny like this. 

• Fnt one large wheel on each side 
of the metal rod. 

• Then, put one small tube against 
the large wheel on each side of 
the rod. 

• Hold one long wire against the long 
end of the rod. 

• Wind the wire evenly over the top 
of one spoke. 

• When you finish winding, you should 
have two wires of about the same 
length sticking out from the spoke. 
The wire on the spoke should be 
tight and It should cover the 
spoke evenly all the way across. 

• Then wind the last two wires In 
the same way over the top of the 
two other spokes. 
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When you finish^ you should have 
six vires sticking out ft*om the 
spokes . 

All three vires should be vound 
tightly and evenly around the 
spokes. 

There should nov be tvo vires 
betveen these tvo spokes^ betveen 
these tvo spokes^ and betveen these 
tvo spokes. 

Tvlst together the tvo vires from 
betveen tvo spokes and make one 
vlre. 

Tvlst together the tvo vires from 
betveen these tvo spokes and make 
one vlre. 

Tvlst together the tvo remaining 
vires and malie one vlre. 

Press the three vires you have made 
tovEurd the long end of the rod. 

The assembled turning part should 
look like this. 




COMMUTATOR ASSEMBLY 





• Another major part inside this 
motor is a plastic tube. 

• Gliis is what the plastic tube looks 
like when it is taken off the 
turning part. 

• Before we can put this plastic tube 
together, we have to be able to 
recognize all the small peurts that 
make it up. 

• There is a plastic cap with a 
hole in it on this end. 




This is what the cap looks like 
when it is not put on the plastic 
tube. 

There is a plastic ring on the tube. 

This is what the ring looks like 
when it is not on the plastic tube. 

There are three “L" shaped strips 
of copper around the tube. 





• This is what the three "L" shaped 
strips look like when they are 
not assembled. 








• And there Is a long plastic tube 
with ridges on It like this* 

• Let's see If you can pick out the 
small parts that make up this plastic 
tube* 

• Turn to page B-1 In your workbook* 

Put an X below the picture that 
shows the small pieces that sake 
up the plastic tube* 



• You should have put an X below 
picture A. 



• Because the tube Is so small^ let's 
use this model to get a better 
view* 

• The plastic tube has ridges that 
run the length of the tube^ here 
and here and here* They are 
painted black to give you a better 
view* 

• 03ie first thing to do Is to put 
one of the "L" shaped copper strips 
In the space between two of the 
ridges^ like this* 
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• Put the second copper strip In 
another space. 

• The two pieces of copper must be 
separated all the way down by a 
ridge . 

• Put the third copper strip In the 
last space. 



• ‘ Ridges must separate all the 
strips of copper. 





• The bent over pieces must all be 
at this end of the plastic tube. 



• Turn to page B-2 In your workbook. 
Put an X below the picture that 
shows how the "L" shaped copper 
strips should be placed siround the 
plastic tube. 






• Turn to page B-3 in your workbook. 
Put an X below the picture that 
shows how the "L" shaped strips 
of copper should be placed on the 
plastic tube. 



• You should have put blu X below 
picture B. 

• Let's continue putting the plastic 
tube together. 

TEOce the plasti^c ring. 

• Slip the ring onto the tube, 
like this . 

• Push the ring all the way down to 
the end of the tube. 

The ring is right against the 
bottom peu:t of the "L”, here. 

• Finally, take the cap with a 
hole In It. 

• Push the cap onto this end of the 
tube making sure that the cap goes 
over the copper strips. 

• When you finish, the real plastic 
tube should look like this . 

• Turn to page B-4 in your booklet. 
Put an X below the picture that 
shows the way the ring euid cap 
should be assembled. 
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• Let's review how to asseinble the 
plastic tube part of the motor. 

• Here au:e the small pieces that 
make up the tube part. 

• Put the three "L" shaped etrlps 
of copper In the spaces hetween 
the ridges on the long plastic 
tube. 

Be sure that the "L" shaped strips 
of copper do not touch each other. 

• Next slip the ring onto the tube. 
Push the ring aH the way down to 
the end of the tiibe next to the 
■bottom part of the "L." 

• Ihen put the cap with a hole In It 
onto the end of the tube. 

MsOce sure that the cap goes 6ver 
the copper strips. 

• Nhen the plastic tube Is completely 
assembled^ It should look like this 
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• OJie third major part inside 
this motor is the base. 

#- This is what the base looks like 
when it is taken out of the motor. 

• Before you can put the base 
together^ you have to be able 

to recognize all the small parts 
that make it up. 

• There are two bent pieces of 
copper^ one here euid one here. 

• This is what the two bent pieces 
of copper look like when they 
are not assembled. 

• There are two tiny screws and 
two tiny washers that hold the 
bent pieces of copper in place. 

There is a screw and washer 
here and a screw and washer here. 

• 03 iis is what the screws and 
washers look like when they are 
not assembled. 

• There is a small plastic plat- 
form mounted on the base. 

• This is what the plastic plat- 
form looks like when it is not 
mounted on the base. 








• Finally there is the base 
Itself • 



• Let's see If you can pick out 
the small parts that make up 
the base of the motor. Turn 
to page C-1 in your workbook. 
Put an X below the picture that 
shows all the small pieces -that 
make up the base. 

• You should have put an X below 
pictxire C. 



• Now^ let's see how these parts 
are put together. 

• Ihe first thing to do is to 
attach the platform to the base. 

• The platform goes on at this end 
of the base. This end of the 
base has two upright pieces of 
metal that fit on the outside 

of the platform. One here and 
one here. 



All 






• In addition to the outside 
pieces of metal j this end euLso 
h at^ two upright pieces of metal 
that fit through these two holes 
In the platform. 

• And this end of the base has one 
big upright piece that fits In 
this groove of the platform. 

• Let's use this model to get a 
better view. That Is what the 
base looks like idien nothing 
is attached to it. 

• The end of the base where the 
platform goes has these two 
upright pieces, these two upright 
pieces and this large upright 
piece . 

• Put the platform on the base, so 
that these upri^t pieces of 
metal in the base fit throu^ 
these two holes in the platform. 
The big upright piece of metal 
should fit in this groove. 

Ihese two pieces of metal are 
on the outside of the platform 
holding it in place. 

• Now take the screwdriver and 
bend the pieces of metal that 
slide through these holes so 
that they hold down the platform. 
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• This is what the real hase looks 
like when the platform is put on. 

• Turn to page C-2 in your work- 
hook. Look at the screen for 
the problem. 

Shoiald the platform go on this 
end of the base or should it 
go on this end of the base? 

Put an X in your workbook below 
the end of the base on which 
the platform should go. 

• You should have put an X below 
this end of the base. 

This is what it should look 
like when the platform is put on. 



• Turn to page C-3 in your workbook. 
Put an X below the picture that 
shows which way the platform sho\jld 
be put on the base. 



# You should have put an X below 
picture A. 

# Now^ take one screw and put it 
■ hhy migh the center of one of the 
washers^ like this. 

# Then^ take one of the bent pieces 
of copper and put the screw through 
the big hole, in the middle. 

hH 

















• Put the screw Into one of the 
round holes on the platform. 

j 

• As you can see, the long end of 
the hent piece of copper Is toward 
the center of the platform, here. 

And the short end with a hole In 
It Is towEu^d the outside of the 
platform. 

• TeOte the screwdriver and turn the 
screw a few times. 

But do not tighten the screw 
cooipletely. 

• Turn to page C-4 In your workbook. 

Put an X below the picture that 
shows where the long part of the 
piece of copper should be. 



• You should have put an X below 
picture A. 

• Now, tadsie the other screw and 
washer, 

• suid put them throu^^ the big hole 
In the middle of the other bent 
piece of copper. 

• Put the screw In the other round 
hole In the platform. 

• Turn the screw a few times with 
the screwdriver. But do not 
tighten the screw completely. 







Once agaln^ the long side is toward 
the center of the platform. 

• Both long parts should he toward 
the center of the platform and 
both short parts shovdd >e toward 
the outside of the platform. 

• This is what the base looks like 
when it is correctly assembled. 

• Turn to page C-5 In your workbook. 
Put an X below the picture that 
shows how the bent pieces of 
copper should be put on the 
platform. 

• You should have put an X below 
pict\jre B. 
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• Let's review how to assemble the 
base of the motor. 

• Here are the small parts that 
inake up the base. 

• ^irst, attach the platform to the 
base^ and bend the upright metal 
pieces that go throxij^ the holes 
in the platform to keep it in 
place . 

• Next, put a screw through one of 
the washers. Then, put the screw 
throu£pi the big hole in the center 
of the bent piece of copper. 

• Put the screw into one of the 
holes in the platform. Turn the 
screw a few times, but do not 
ti^ten it completely. Ihe long 
part of the piece of copper should 
face toward the center. 

• Do the same thing on the other 
side. 

• When the base is correctly assembled, 
it should look like this. Both 
long ends of the pieces of copper 
should be facing the center. 
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CONNECTING THE MOTOR PARTS 






I 



• There are three major parts to 
this motor. 

• There is a plastic tube. 

This is what the plastic tube 
looks like when it is taken out 
of the motor. 

• There is a tviming part. 

This is what the turning 
part look like when it is 
taken out of the motor. 

• And there is the base. 

This is what the base looks like 
when the plastic tube and the 
turning peuct axe not attached 
to it . 

• Now, let's see how these parts 
are put together. 

• Let's use the model to get a 
better view of the next step. 

• Take the turning part and the 
plastic tube. They are assembled 
first . 

• With the "L" shaped copper strips 
facing toward the long end of the 
metal rod, slide the plastic tube 
onto the long end of the metal 
rod. The "L" shaped strips should 
touch this small tube. 
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Rotate the tube so that the ends 
of the "L" shaped copper strips 
are between the spokes of the 
turning part. 



There should be a strip of copper 
between these two spokes, between 
these two spokes, and between these 
two spokes. 



Take the twisted wire between 
two poles and wrap the shiny 
ends around the tip of the "L" 
shaped piece of copper that is 
between the same two spokes . 

Be sure to wrap the wire tightly. 



Thke hold of the second twisted 
wire between two other spokes and 
wrap it tightly around the copper 
strip that is between the same 
two spokes . 



Turn to page D“1 in your booklet . 
Put an X below the picture that 
shows the turning part and tube 
correctly assembled. 



You should have put an X below 
pictvire B. 

This is what the real parts look 
like when the tube and the turning 
part are correctly put together . 
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• Using the models let's continue 
putting the parts of the motor 
together . 

Hake the last twisted wire and 
wrap It tightly around the third 
metal strip. 

• Now^ let's attach this part of the 
motor to the base. 

• Put the end of the tiurnlng part 
with the tube on It between the 
bent pieces of copper and throu£^ 
the hole In this upright piece 

of metal. 

0 Bend this uprl^^t piece of metal 
back a little bit and put the 
short end of the rod throu^^ the 
hole In It. 

• Ihe turning part and tube should 
turn easily when they are put 

on the base. 

• Slide one of the copper pieces 
that 8ire attached to the platform 
toward the center of the platform 
as feu: as It will go. It should 
touch the tube. Hold It there. 

With the screwdriver, tighten 
the screw all the way. 

• On the other side, slide the bent 
piece of copper toward the center, 
as feu: as It will go euid hold 

It there. Qhls copper strip should 
edso touch the tube. Now tighten 
the screw. 











• When you finish^ this is what the 
real parts of the motor should 
look like. Both pieces of copper 
should he touching the plastic 
tube . 

• Turn to page D-2 in your workbook. 
Put an X below the picture that 
shows where the two bent pieces 
of copper should be. 



• You should have put an X below 
picture A. 

• To complete the motor, you have 
to attach a magnet here. 

• This is what the magnet looks like 
when it is not attached. 

• The edges of the magnet fit into 
the slits here and here on the 
platform. 

With your fingers, squeeze the 
sides of the magnet together and 
slide* the edges of the magnet 
into the slits. When the magnet 
is correctly in place, these metal 
strips in back of the magnet will 
hold it firmly. 

• Turn to page D-3 in your workbook. 
Put an X below the picture that 
shows the magnet correctly put 

on the base. 
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• You should have put axi X below 
picture B. 

Both edges of the magnet fit Into 
the silts on the platform, like 
this . 

• Next, with a small piece of sand- 
paper, scrape the coating from 
both ends of each of these short 
vires. 

• When you finish, about one Inch 
of each end of the vires should 
be shiny. 

• One end of the vlre goes through 
this hole In the bent piece of 
copper . 

(Dake one short vlre and slip 
It through the hole. 

Wrap the vlre tightly around the 
bent piece of copper, a fev times. 

• Take the other short vlre and 
put It throu£^ the hole In the 
other bent piece of copper. 

Wrap ^ around the bent piece 
of copper, a fev times. 

• The next step Is to attach the 
vires from the motor to the 
battery holder. 

Pat one of the vires through 
the hole In one of the upright 
pieces of met&Ll. 

Wrap the vlre tightly around the 
upright piece of metal. 











• Put the other wire through the 
hole In the other upright piece 
of metal. Wrap the wire tightly 
around It. 

The assembled motor should look 
like this. 

• To start the motor ^ put the battery 
In the battery holder. 

The ends of the battery should 
be touching the battery holder 
here and here . 

To stop the motor, remove the 
battery from the battery holder. 

• Turn to page D-4 In your workbook. 
Put an X below the picture that 
shows which ends of the bent 
pieces of copper the wires should 
be attached to. 



• You should have put an X below 
picture B. Ttie wires should 
be attached to the ends that have 
the holes In them. 



A . 

• Turn to page D-5 yoiu* workbook. 

Put an X below the picture that 
shows how the wire should be 
attached to the bent pieces of 
copper . 
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You should have put cm X below 
picture B. Ihe wires should 
be wrapped tightly. 



CONNECTING THE MOTOR PARTS REVIEW 




• Let's review how the three major 
parts of the motor are assembled 
and the entire motor Is completed. 

• First, slide the plastic tube onto 
the turning part, until the ends 
of the "L" shaped copper strips 
touch the smsill tube. Each copper 
strip Is between two spokes. 

• Wrap the twisted wire between 
two spokes around the ”L" shaped 
strip of copper that Is between 
the same two spokes. 

Do this with all three twisted 
wires. 

• Put the assembled part onto the 
base with the tube between these 
upright copper strips. 

• Slide one of the bent pieces of 
copper toward the center of the 
platform until It touches the 
tube. Then tighten the screw. 

• Do the same thing on the other 
side. 

• Be sure that both bent pieces of 
copper are touching the plastic 
tube. 

• Sq,ueeze the sides of the magnet 
and slide the magnet Into the 
silts on the platform. 



• QSien sandpaper the ends of the 
vires. Be sure that about one 
inch of each end of the wires 
is shiny^ like this. 

• Put the vires through the holes 
in the bent pieces of copper, and 
wrap the wires ti^tly around 
the bent pieces of copper. 

• Attach the vires to the battery 
holder. To start the motor, put 
the battery in the batter holder. 
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• In learning how to do something^ 

It Is always Important to get 
some practice . 

• Which of these turning peurts has 
the wheel put on correctly? 

Turn to page E-1 In your workbook. 

Put 6 U 1 X below the picture that 
shows the wheel In the correct 
position. 

'3 

• You should have put an X below 
picture B. Hhe wheels euid the 
spokes should be lined up. 



• Is this turning part correctly 
assembled? 

Turn to page E-2 In your workbook, 
^swer the question on that page. 

If your answer Is circle 
the part In the picture that Is 
In the wrong place. 

• You should have marked ^ and 
circled this tube. 

This tube should go on the other 
slde^ like this. 














Look at these vires. Are they 
ready to be put on the turning 
part? 

Turn to page E-3* Put an X beside 
all the vires that are ready to 
be put on the turning part. 

You should have put an X beside 
the top vlre and beside the 
bottom vlre. 

The end of the middle vlre needs 
to be scraped vlth sandpaper and 
made shiny. 

When you start to vlnd the vlre, 
you hold the vlre against one end 
of the metal rod. 

Turn to page E-4. Do you hold 
the vlre against this end or 
this end? Put an X belov the 
end that you hold the vlre 
against . 

You should have put an X belov 
the long end of the rod. 



Turn to page E-5« 

Which spoke Is correctly vound? 
Put an X belov It. 







# You should have put an X below 
picture A. The wire is wound 
tightly and spreads evenly all 
the way across. 



• Watch how the wire is being wound. 
Is it being done correctly to 
both spokes? The wire goes over 
the top on one spoke. The wire 
goes under the bottom on the next 
spoke . 

Turn to page E-6. Check whether 
the wires were correctly wound. 

If one wire goes over the top on 
one spoke, should the wire on the 
second spoke go under the bottom? 

I 

# You should have checked no. 

Both wires should have gone over 
the top. 

• When you finish winding, part of 
the wire should be sticking out. 
Which one of these turning parts 
has the right amount of wire 
sticking out? 

Turn to page E-?. Put an X below 
the picture that shows the right 
amount of wire sticking out. 

# You should have put an X below 
picture B. Both wires should 
be sticking out the same amount, 
about one inch. 
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• After the wires are wound, you 
must twist them together. 

Turn to page E-8. Put an X 
below the picture that shows 
which two wires should be twisted 
together . 

• You should have put an X below 
picture B. As you can see on the 
screen, the two wires from between 
two spokes should be twisted 
together . 

• Are the correct wires twisted 
together here? 

Turn to page E-9. Answer the 
question on the page. 

• You should have answered yes . 

You should twist the wires from 
between two spokes. 

• Which two wires should be twisted 
together? 

Turn to page E-10. Put an X 
below the two wires that should 
be twisted together. 

• You should have put an X below 
wire B and wire C. 

These two wires between two spokes 
should be twisted together. 
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• Turn to page E-12. 

Put a circle Euround all the small 
parts that make up the turning 
part. You will have half a minute. 



• Look at the screen. 

You should have circled all these 
parts. 
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• Which of these tubes has the 
metEO. strips put on correctly? 

Turn to page P-1 In your workbook. 
Put an X below the picture that 
shows the metal strips put on 
the tube correctly. 

• You should have put an X below 
picture A. The bent parts should 
all be at the same end. 

• Are the metal strips correctly 
placed around this tube? 

Turn to page P-2 In your workbook. 
Answer the question on that page. 
If your answer Is no, write down 
what you would do to correct the 
problem. 

• You should have marked ^ and 
said that you would separate the 
metal strips so that they don't 
touch. 

• Which of these two tubes has the 
plastic ring correctly put on? 

Turn to page P-3. . Put an X 
below the picture that has the 
plastic ring put on correctly. 

• You should have put an X below 
picture B. The plastic ring 
goes rl^t against the bent 
ends of the mete^. strips. 






• \ftilch of these two tubes has the 
plastic cap put on correctly? 

Turn to page F-4. Put an X 
below the picture that shows the 
plastic cap correctly put on the 
tube. 

• You should have put an X below 
picture B. 

The plastic cap goes over all the 
metal strips. 

• Turn to page F-5. 

Put a circle around all the small 
parts that make up the plastic 
tube . 



• Look at the screen. 

You should have circled all these 
parts. 
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EDITING ITEMS FOR BASE 



• On >^lch end of the base does 
the platform go? Here or here? 

Turn to page G-1. Put em X 
below the end of the base \diere 
the platform should go. 

• Look at the screen again. 

You should have put an X below 
this end of the base. 

• Which of these two platforms Is 
put on the base correctly? 

Turn to page G-2. Which joae-of 
these two pictures shows the 
platform put on the base correctly? 

• You should have put an X below 
picture A. 

• Which of these Is assembled 
correctly? 

Turn to page G-3« Put an X below 
the picture that shows the screw^ 
Tasher and piece of copper assembled 
correctly. 

• You should have put an X below 
picture B. 

• Is the piece of copper correctly 
attached to the platform? 

Turn to peige G-4. Answer the 
question on that page. 



• You should have marked yes . 







• Are both pieces of copper put on 
the platfom correctly? 

Turn to page G-5» Answer the 
question on that page. If you 
answer no, circle the piece of 
copper that is put on incorrectly. 

• You should have marked no emd 
circled this piece of copper. 

The end with the hole in it should 
fcuie toward the outside of the 
platform. 

• Turn to page G-6. 

Put a circle around all the parts 
that make up the base. 



• Look at the screen. 

You should have circled aH. these 
parts. 





• Which of these tube parts is put 
on the turning part correctly? 

Turn to page H-1 in your workbook. 
Put an X below the picture that 
shows the tube part put on the 
turning part correctly. 

• You should have put an X below 
picture A. The "L" shaped ends 
go against the small tube on the 
turning part. 

• Look at these "L" shaped pieces 
.of copper. What position should 

they be in? 

Turn to page H-2 in your workbook. 
Put an X below the picture that 
shows what position the ”L" shaped 
pieces of copper should be in. 

• You should have put an X below 
picture B. 

The "L" shaped pieces of copper 
should go between the spokes on 
the turning part. 

• Turn to page H-3 in your workbook. 

Circle the wire that should be 
twisted around the piece of copper 
marked A. 

• The piece of copper marked A 
is between these two spokes. 

You should have circled the wire 
between the same spokes. 
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• Are the hent pieces of copper 
in the correct position? 

Turn to page H-4. Answer the 
question on that page. 

If you euiswer no, circle the part 
that is not assemhled correctly. 

• You should have marked no and put 
a circle around this piece of 
copper. Both pieces of copper 
should he touching the tube part. 

• Is this magnet put on the base 
correctly? 

Turn to page H-5* Answer the 
question on that page. 

• You should have marked no. 

Both edges of the magnet should 
fit into the slits in the platform. 

• Is this wire ready to be attached 
to the copper strips on the plat- 
form? 

Turn to page H-6. Answer the 
question on that page. 

. If your answer is no, write down 
what you would do to make it 
ready. 

• You should have said no and 
said that you would sandpaper 
this end of the wire. 

About one inch at each end of the 
wires should be shiny. 
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• Which piece of copper has the 
wire correctly attached to it, 
this one or this one? 

Turn to page H-7» ^ below 

the piece of copper that has the 
wire attached to it correct3y. 

• You should have put an X below 
this piece of copper. 

The wire is attached to the end 
with the hole in it. 

• Turn to page H-8. 

Put an X below the piece of copper 
that shows the wire correctly 
wrapped around it. 

• You should have put an X below 
this piece of copper. 

The wire shoiad be wrapped tightly. 
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Workbook for response-practice during demonstration. 

Workbook for recognition response-practice following 
demonstration . 
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Spoke number 1 — over the top 
Spoke number 2 — over the top 

□ 



B 

Spoke number 1 — over the top 
Spoke number 2 ~ under the bottom 

□ 
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Is this tiuming part correctly assembled? 



□ □ 

YES NO 
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Were the wires correctly wound? 



□ 

Yes 




No 
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Are the correct vires twisted together? 



□ 

Yes 



□ 

No 
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Circle all the small parts that make up the turning part. 
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Are the netal strips correct^;/' placed around 
this tube? 



Yes 



No 
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Circle all the small parts that make up the tube part. 
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Is the piece of copper correctly attached to the platform? 

□ 

YES NO 



□ 
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Circle all the parts that make up the base. 
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Is this magnet put on the base correctly? 

□ □ 



Yes No 
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Observer Form for Recording Student Errors on Motor Assembly 
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